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6. The gas treatment apparatus of claim 1 further comprising a 
reagent gas mixer [for] capableXof mixing reagent gas with the effluent to further 
reduce the hazardous gas content of the effluent. 

7. The gas treatment apparatus of claim 1 wherein the exhaust tube 
)s composed of] comprises monocrysralline sapphire!, and the gas energizer comprises 

[a_microj/yave gejierator forjjenerating microwaves and a waveguide for coupling 
microwaves from the microwave generato\to the exhaust tube to energize the effluent 
by microwaves]. 


8. The gas treatment apparatus of claim 1 [wherein the gas energizer 
comprises a plasma generator for coupling] further comprising an RF energy applicator 
to couple RF energy [into] to the effluent in the exhaust tube[ to form a plasma from 
the effluent, the plasma generator comprising facing>electrodes or an inductor coil]. 

9. The gas treatment apparatus of clairo 1 wherein the exhaust tube 
comprises a distributor plate at an inlet of the exhaust tutJfe, the distributor plate having 
holes [for directing] adapted to direct effluent preferentially a(ong a flow surface of the 
exhaust tube. 


10.\ The gas treatment apparatus of claim 1 further comprising: 

a gas analyzer for capable of monitoring the hazardous gas 
content of the effluent irts^he exhaust tube and providing an output signal in relation to 
the hazardous gas content ofsthe effluent; and 

(b) a comfHiter controller system comprising a computer 
readable medium having computer ridable program code embodied therein^ [for] the 
computer controller system capable of monitoring the output signal from the gas 
analyzer, and when the hazardous gas conteh<of the effluent exceeds a safety level, 
performing at least one of the following [steps]: 
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(i) adjusting [the operating] a power applied to [level of] 
the gas ene?gjzer to reduce the hazardous gas content in the effluent, 

(ii) adjusting [the] process conditions in the process 
chamber to reduce tft^hazardous gas content in the effluent, 

Jiii) activating an alarm or metering display, 
(ivX. adding a reagent gas to the effluent [gas] before or 
after the eff luent [gas] is energizeb\to reduce the hazardous gas content in the 
effluent, or 


(v) terminatinWhe process being conducted in the 


process chamber. 


11. A process chamber for processing a substrate and reducing 
emissiVts of hazardous gas to the environment, the process chamber comprising: 


process chamt 


(a) a support [for] capable of supporting the substrate in the 
)) a gas distributor [for] capable of introducing process gas 


into the process chamber 

(c) a^s activator [for] capable of activating the process gas to 
process the substrate, thereby fohsning an effluent containing hazardous gas; and 

(d) [an exhausKsystem for exhausting and treating the effluent 
from the process chamber, the exhaust system comprising] an exhaust tube [for 
flowing] through which a continuous stream ot the effluent may be 

flowed [therethrough and a gas energizer for energizing the effluent in the exhaust 
tube to reduce the hazardous gas content of the efflufeotl ; and 

(e) a microwave energy applicator^to couple microwaves to the 
effluent in the exhaust tube to energize the effluent . 
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1>2. The process chamber of claim m wherein the exhaust tube 
comprises at least one of the following characteristics: 

(1) a length that is sufficiently long to reduce the hazardous gas 
cootent of the continuous stream oneffluent flowing through the exhaust tube without 
[recirculation] recirculating the effluer\ in the exhaust tube; 

(2) a length that\is sufficiently long to provide a residence time 
of effluent in the exhaust tube that is at\asiabout 0.01 seconds; or 


(3) a flow surface tP^at^provides a laminar flow of effluent 
through the exhaust tube, the flow surface bfeing parallel to the direction of the flow of 
the effluent through the exhaust tube and substantially absent projections or recesses 
that alter the effluen\flow path. 


The process chamber of claim y\ [wherein the gas energizer 
\Sw comprises* a plasma generator\for coupling] further comprising an RF energy applicator 
■^Vi /to couple RF energy [into] to theVffluent in the exhaust tube[ to form a plasma from 


the effluent, the plasma generator c 


if' 4 


lprising facing electrodes or an inductor coil]. 


composed of] comprises monocrystalline sapphire 



The process chamber\f claim y\ wherein the exhaust tube [is 



1i 


The process chamber of claim 1 1 further comprising: 

a gas analyzer [for] capable of monitoring the hazardous gas 
content of the effluent in theexhaust tube and providing an output signal in relation to 
the hazardous gas content of tnfe^ffluent; and 

(b) a comput&scontroller system comprising a computer 
readable medium having computer readabtesProgram code embodied therein,, [for] the 
computer controller system capable of monitorfog the output signal from the gas 
analyzer, and when the hazardous gas content of trfex^ffluent exceeds a safety level, 
performing at least one of the following [steps]: 
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(i) adjusting [the operating] a power applied to [level of] 
the gas energizer to rfedjjce the hazardous gas content in the effluent, 

adjusting [the] process conditions in the process 
chamber to reduce the hazardolr^gas content in the effluent, 

(iii) activating an alarm or metering display, 

(iv) adding d\raagent gas to the effluent [gas] before or 
after the effluent [gas] is energized, to reduce'ttie hazardous gas content in the 
ef f I uentro r 

(v) terminating the process^being conducted in the 


process chamber. 


24. A process chamber for processing a substrate in a process gas and 
reducing emissions of hazardous gas to the environment, the process chamber 
comprising: 

(a) a support\[for] capable of supporting the substrate; 

(b) a gas distributor [for] capable of introducing process gas 
into the process chamber; 

(c) a gas activated [for] capable of activating the process gas to 
process the substrate thereby forming effment containing hazardous gas; and 

(d) [an exhaust sysrem for exhausting and treating effluent 
^from the process chamber, the exhaust systWi comprising] an exhaust tube 

composed of] comprising monocrystalline samphire through which effluent from the 
process chamber may be flowed , [a microwave\source for generating microwaves, and 
a waveguide for coupling microwaves from the microwave source to the exhaust tube, 
whereby energizing the effluent in the exhaust tu^e by microwaves reduces the 
hazardous gas content of the effluent] : and 

(e) a microwave energy applkator adapted to couple 
microwaves to the effluent flowing through the exhaqst tube to reduce the hazardous 
gas content of the effluent. 


D:\CLIENT\APPLIED\MXP\933.P1\AMEND.001 


6 


April 26, 1999 


933.P1/MXP/RPS/PJS 


>*25^' The process chamber of clayp 24 wherein the exhaust tube 

| \> \ r 

comprises atrleast one of the following^ characteristics: 

(1) a length that\is sufficiently long to reduce the hazardous gas 
content of a continuous stream of the effiluent flowing through the exhaust tube 
without [recirculation] recirculating the effluefothn the exhaust tube; 

(2) ' a length that is \ufficiently long to provide an effluent 
residence time in the exhaust tube that is at\least about 0.01 seconds; or 

(3) a flow surface that\provides a laminar flow of effluent 
through the exhaust tube, the flow surface beirfq parallel to the direction of the flow of 
the effluent through the exhaust tube and substantially absent projections or recesses 
that alter the effluent flow path. 

26^ A procesk chamber for processing a [semiconductor] substrate in a 
process gas while reducing emissions of a hazardous gas to the environment, the 
process chamber comprising: 

(a) a suppolrt [for] capable of supporting the substrate, a gas 
distributor [for] capable of introducing process gas into the process chamber, and a 
gas activator [for] capable of activating the process gas to process the substrate, 
thereby forming an effluent containing Hazardous gas; 

(b) [an exhaust sytetem comprising] an exhaust tube [for] 
capable of exhausting the effluent from tha process chamber and a gas energizer [for 
energizing] adapted to energize the [gas] effluent in the exhaust tube to reduce [the] a 
hazardous gas content of the effluent; 

(c) a gas analyzer [for] Adapted to monitor[ing] the hazardous 
gas content of the effluent in the exhaust tube afod to provide [providing] an output 
signal in relation to the hazardous gas content of the effluent; and 

(d) a computer controller system comprising a computer 
readable medium having computer readable program bpde embodied therein,, [for] the 
computer controller system capable of monitoring the dutput signal from the gas 
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analyzer, and when the hazardous gas content of the effluent exceeds a safety level, 
performing at least one [oftthe steps] of: 

j) adjusting [the operating] a power applied to [level of] 
the gas energizer to reduce the hazardous gas content in the effluent, 

(ii) \ adjusting [the] process conditions in the process 
chamber to reduce the hazardous gas content in the effluent, 

(iii) \activating an alarm or metering display, 

(iv) adding a reagent gas to the effluent [gas] before or 

after the effluent [gas] is energized\to reduce the hazardous gas content in the 
effluent, or 

(v) ternfanating the process being conducted in the 


process chamber. 


,*7 


2 l- 


The process chamberpf claim 26 wherein the computer readable 


program code on the computer readable madium comprises one or more of: 

(1) gas analyzer program code for receiving the output signals 
relating to the hazardous gas content of the eVfluent from the gas analyzer, and storing 
or passing the output signals to other programYodes, 

(2) gas energizer program code for adjusting a power level of [a 
gas energizer] the microwave applicator irw^te^rmn to the output signals, 

(3) . reagent gas program code for operating a reagent gas mixer 
that adds reagent gas to the effluent in relation to trae output signals, and 

(4) safety operational program code that upon receiving an 
output signal that the hazardous gas content of the energized effluent exceeds a safety 
level, performs at least one of [the steps of] (1) adjusting process conditions in the 
process chamber to reduce the hazardous gas emissions\ (2) operating an alarm to 
indicate a dangerous level of toxic or hazardous gas in tha effluent, (3) providing a 
metering display that shows [in real time] the level of emissions of hazardous gas, or 
(4) shutting down the process chamber. 
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2^. A corfvputer program product for operating a gas treatment 
apparatus and process chamber, to reduce the hazardous gas content of an effluent 
formed during processing of ^[semiconductor] substrate in the process chamber, 

the gas treatment apparatus comprising an exhaust tube [for] capable of 
exhausting effluent from the process chamber, a gas energizer [for energizing] adapted 
to energize the effluent in the exhaust tube to reduce the hazardous gas content of the 
effluent, and a gas analyzer [for] adapted to monitor[ing] the hazardous gas content of 


the effluent in the exhaust tube and [providing] provide an output signal in relation to 
the hazardous gas content of the effluent, 
^\~T the computer program product comprising a computer usable medium having 
J \j pomputer readable program code embodieq in the medium, the computer readable 



program code comprising: ( 

\ (a) gas analyzer program code for receiving the output signal 

relating to the hazardous gas content of the effluent from the gas analyzer, and storing 
or passing the output signal to other program cddes; and 

(b) safety operational program code that upon receiving an 
output signal that the hazardous gas content of the energized effluent exceeds a safety 
level, performs at least one of [the steps of] (1) adjusting process conditions in the 
process chamber to reduce the hazardous gas emissibns, (2) operating an alarm to 
indicate a dangerous level of toxic or hazardous gas ii\ the effluent, (3) providing a 
metering display that shows [in real time] the level of emissions of hazardous gas, or 
(4) shutting down the process chamber. 

29. The computer program product of claim 28 wherein the computer 
readable program code comprises [gas energizer] program code for adjusting a power 
level of the [gas energizer] microwave energy applicator in relation to the output signal 
to reduce the hazardous gas emissions of the effluent. 
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[Please ad^the~j gtteww^ ^ 



"31 . The ga& treatment apparatus of claim 1 wherein the microwave 
energy applicator comprises a\waveguide for coupling microwaves to the effluent in 
the exhaust tube. 

°^iy 7 32. The gas treatment apparatus of claim 8 wherein the RF energy 



pplicator comprises facing electrodesw an inductor coil. 

A. \\ A 

rv4J V / ^\ process c harr»ber o* claim^Vr wherein the microwave energy 

^ applicator comprises a waveguide for cVjpling microwaves to the effluent in the 
exhaust tube. 

34. The process chamber of claim ^ wherein the RF energy applicator 
comprises facing electrodes or an inductor coil. 

v 

3^. The process chamEter of claim 24 wherein the microwave energy 
applicator comprises a waveguide for coupling microwaves to the effluent in the 
exhaust tube 



I 3^. The process chamber of clarm 28 wherein the RF energy applicator 

comprises facing electrodes or an inductor coil. \ 


REMARKS 

I. STATUS OF CLAIMS 

Claims 1-12, 14-16, 24-36 are. pending in the application after claims 
31-36 are added, and claims 13 and 17-23 are canceled. The claim amendments and 
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